We present light curve solutions of the W UMa-type eclipsing binary OGLE-GD-ECL-04451, observed by both the Optical Gravitational Lensing Ex-periment A hot spot was then added on the surface of the secondary to demonstrate the amplitude change and O'Conell effect of the binary system.
Introduction
In eclipsing binary system the stellar spot is an vital parameters which can cause some shape change of light curves (Li et al. 2014; Liu et al. 2012; Qian et al. 2012) . And time-evolution of spots have been also detected by Chinese Small Telescope ARray (CSTAR) during a half-year observation in Dome A, Antarctica . The most apparent effect caused by spots is O'Connell effect, which means that two maximum values show inconsistency although one can see both of the binary in the same time (O'Connell 1951) .
Some phase displacements in extreme values of light curve as well as O-C variation are ascribed to the exist of spots, even no O'conell effect was found (Luo et al. 2015; Tran et al. 2013 ). What's more, Tran et al. (2013) gave an brief mathematical explanation about phase displacement and O-C anti-correlation.
W UMa-type binaries are attractive contact binaries because both components overfill the critical Poche lobe and share a common convective envelope. They are divided into two subtypes: A-subtype and W-subtype. A-subtype represents that the higher the temperature of a component is, the bigger the mass of this component is, while W-subtype is just the opposite. The origin and evolution of such type binaries was disucussed in several studies (Vilhu 1981) . They thought that detached binaries should evolve to this type of binary because of angular momentum loss(AML) via stellar winds.
Wilson-Devinney(W-D) code is a powerful program to deduce the parameter of an binary system (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 Wilson , 1994 . Several important parameters can be determined by it, like the inclination, temperature and mass ratio. If one combine light curve and both radial velocities of two components, the orbital semi-major axis and star radii as well as star masses can be calculated. For most cases one only have light curve data, the inclination and eccentricity can be deduced, but one can only get a mass ratio (Wilson 2006 ). It will be still helpful if combining other observations. Reference System (ICRS). The basic information is listed in Table 1 from UCAC4 catalog (Zacharias et al. 2013 ).
The OGLE program aimed to detect the optical gravitational lensing phenomenon.
Tts data have good accuracy but low time resolution in general. The uncertainty reached typically ∼ 0 m .03 for this binary star with the exposure time of ∼ 1000s. OGLE kept observing OGLE-GD-ECL-04451 in almost one year and collected 1688 frames in I band and 8 frames in V band about this target. Theephemeris was given as follows,
On the other hand, AST3-1 is a 50/68 cm Schmidt-like equatorial-mount telescope and the first trackable telescope of China in Antarctica inland. AST3-1 observed the target OGLE-GD-ECL-04451 from the 25 th to the 30 th of April in 2012 but the data collected in 27 th were discarded due to low quality. This target is one of the results in variable-star survey program made by us. There are in total 1648 frames in SDSS i band. The data information are listed in Table 2 . Phased light curves are shown in Figure 1 .
and is a widely used method when discussing cyclic phenomena (Sterken 2005) . Figure 2 shows the O-C diagram of OGLE-GD-ECL-04451 and Table 3 lists the O-C values. We selected the data close to the calculated minimum time and used the two-order fitting to derive the Observed time, whose uncertainty were estimated by the monte-carlo method. Since the sampling interval of the OGLE data is large, there are in total 62 minimum epoches calculated for the one-year observation data. In the meanwhile, 8 minimum times are determined from the AST3-1 data. One can see that there is not apparent oscillation or variation trend in the O-C diagram, showing the stability of the binary's system. However, due to the exist of a big gap in the O-C diagram, more data are needed for a more convincing conclusion.
A parabolic fitting is used to estimate the upper limit of period variation rate (dP/dt).
Since the variation of period P (t) is extremely small, only the first order of period variation is assumed as follows:
considering that the number of circles E = t/P and integrating with respect of E, one gets:
where T m means a minimum time and T 0 means the first minimum time. A new ephemeris is, -6 -
From equation (4) one can see that P 0 = 0.417315(3) days and dP/dt = 1.4(1.4)×10 −10 .
So It is hard to make sure that the dP/dt is detected.
Light Curve Solutions by the W-D Method
The light curves were converted to phased light curves with the period value given in equation (4) corresponding to 5628K hence a G5 type star (Johnson 1966) . As the colour index is only a rough estimate of the temperature, we selected T 1 =5550K, 5600K, 5660K and 5710K
as initial values and derived 4 groups of solution in each bands. The gravity-darkening coefficients g1=g2=0.32 (Lucy 1976 ) and bolometric albedos A1=A2=0.5 (Ruciński 1969 ).
In the 2013 version of W-D program, the limb-darkening coefficients can be calculated automatically based on the method from van Hamme (1993). We selected mode 3 for -7 -overcontact binaries, in which the inclination i, the effective temperature of the secondary component T 2 , the modified surface potential Ω 1 = Ω 2 , the mass ratio q = M 2 /M 1 and the luminosity of the primary component L 1 can be adjusted.
Solutions with Light Curve in 2006
Due to the lack of previous research of OGLE-GD-ECL-04451, the q-search method was firstly used to look for the best mass ratio (Niarchos et al. 1996) . We fixed the q value and adjusted other 4 parameters to a converged result. Then, T 2 was set as the same as T 1
and Ω 1 = Ω 2 can be derived from were obtained and one can see in Figure 3 that the best q value is ∼ 2.9. However, slight discrepancy can be seen with different T 1 . These q values are set as the initial values in 4 cases.
As the second step, we started iteration from the results whose q is the best. We list the results in 4 T 1 based on the data in I band in 2006 at 2 rd , 4 th , 6 th and 8 th columns in Table 4 and one can see the best fitting results in Figure 4 .
The Spot in 2012
As indicated in Section 4, the shape change and the O'Connell effect appeared in the light curves from AST3-1 in 2012. So, spot models were adopted to fit the observed light curves. It is common because both components are fast-rotating solar-type stars so 1 Thanks for professor R.E.Wilson's nice help -8 -they would show solar-like activity, including photospheric spots (Qian et al. 2015) . The well accepted explanation of the systems with spots was proposed by Mullan (1975) , who indicated that it is more possible to locate a spot on the more massive component. In order to decrease both of the maximum magnitudes simultaneously, we tried a number of solutions and finally found that there should be a big spot in the polar regions.
Due to the conservation of angular momentum and low mass transfer rate from the stable O-C result, we assumed that the inclination i and the mass ratio q would not change dramatically during the six-year evolution of the binary system from 2006 to 2012. We hence adjusted the effective temperature of the secondary component T 2 , the modified surface potential Ω 1 = Ω 2 and the luminosity of the primary component L 1 in i band.
As for the spot, the latitude θ, the longtitude φ, the angular radius r spot as well as the temperature factor T s /T * (which means the ratio between the temperature of the spot and the temperature of the star) are adjustable. One can see the results listed at 3 rd , 5 th , 7 th and 9 th columns in Table 4 with all the parameters converged. Figure 5 shows the theoretical light curves in i band while Figure 6 shows the geometric structure of this binary system, where one can see the effect of one spot in both of the two maximum times.
Conclusions and Discussions
In this paper we researched an eclipsing binary OGLE-GD-ECL-04451. O-C diagram shows no variation of this system and light curve solutions were obtained by W-D method. 
Reliability of the Results
Since we can not determine T 1 directly and just make an estimate by the colour index of whole system, maybe there will be some inconsistancy between different groups of solution 
Spot Activity
Spot activity has been detected for a long time. Kron (1947) In terms of our binary system OGLE-GD-ECL-04451, It converged to a same result from different T 1 that there is a big (occupied 13.4% ± 1.7% area of stellar surface) but hot (the temperature factor is 1.63 ± 0.21) spot postulated to be placed at north pole in secondary component. Although such a big spot distribution has been proved as we mentioned in last paragraph, the higher temperature is hard to be explained by magnetic activity. Generally, mass transfer is adopted to explain hot spot, which can cause both hot spot near the neck region of the common envelope and period change in O-C diagram.
However, these two consequense didn't be confirmed from our results. 
